Sgo Binds and Stabilizes Microtubules XSgo was cloned by its ability to induce MT polymeriza-2001). Identification of this truncated gene with its expected activity confirmed that our assay is suitable for tion when overexpressed in Xenopus extracts (Figures 1A and 1B). Tagged XSgo expressed in extracts or identifying factors involved in MT formation.
A previously uncharacterized gene we identified was in vitro translated XSgo supplied exogenously also cosediment with MTs in extracts (not shown). These Xenopus Sgo. Three active pools contained Xenopus Sgo in our screen: two pools harbored full-length Sgo results do not distinguish between a direct and an indirect interaction of Sgo with MTs since other factors in while one encoded a truncated Sgo gene, expressing only the N-terminal 170 amino acids of the protein. The extracts might mediate MT polymerization enhancement and binding. Full-length recombinant Sgo was inlatter was more potent in our assay than full-length Sgo, perhaps owing to higher expression levels and/or insoluble. Therefore, to determine if Sgo can bind MTs directly, we purified the GFP-tagged N-terminal fragcreased protein stability. By BLAST searching, we found Sgo homologs in other vertebrates; the homology bement of mouse Sgo. In a visual assay, GFP-N-mSgodecorated MTs assembled from purified tubulin in vitro, tween them clusters in two blocks-an N-terminal block predicted to form a coiled-coil and a C-terminal block demonstrating that Sgo has MT binding potential (Figures 1C and 1D) . Additionally, when the N-terminal fragrich in basic amino acids ( Figure 1E ). Aside from the coiled-coil and a number of putative nuclear localization ment was attached to beads that were used to affinity purify binding proteins from Xenopus egg and HeLa sequences, Sgo does not contain any obvious domains or motifs. We were initially unable to identify Sgo homocell extracts, the most abundant protein recovered was Figure 1J ). An identical staining pattern through mitosis is seen if Kt MTs are depolymerbe a separase substrate (not shown). ized before fixation (Supplemental Figure S2 on The SgosiRNA phenotype indicated that Sgo is required for sister chromatid cohesion and Kt MT dynamics but matic decrease in Kt MT stability (Figures 6F-6H) . To quantitate this effect, we measured the decrease in the did not give us an indication of the timing for the Sgo requirement during the cell cycle. Sgo might be required intensity of the fluorescent bar (relative to the total GFP fluorescence in the spindle, to control for photobleachduring mitosis; alternatively, its function might be required in interphase during Kt assembly. We addressed ing) over time as a measure of Kt MT turnover. In control HeLa cells, the intensity of the bar decreases on average this question by microinjection of affinity-purified antiSgo antibodies into cultured Xenopus cells in early profrom 100% to 59% in 3 min (n ϭ 7 cells) while in Sgosi-RNA cells, the average change is from 100% to 18% in metaphase. This experiment is different from a loss-offunction SgosiRNA, as the antibody might block the 2 min (n ϭ 27 cells, Figure 6I) Table 1 ). We measured the effect of anti-Sgo antibodies on Kt MT dynamics by microinjection into Xenopus mitotic cells expressing PA-GFP-tubulin, followed by localized photoactivation and timelapse. In control cells, the fluorescent marks on Kt MTs moved poleward on the spindle (Figures 7C-7E ). In contrast, the fluorescent marks on Kt MTs of cells injected with anti-Sgo antibodies were stationary and no detectable poleward movement was observed (Figures 7F-7H ). As shown in the graph in Figure 7I , in control cells the relative intensity of the bar decreases on average from 100% to 52% in 3 min (n ϭ 6 cells) while in anti-Sgo-injected cells the average change is from 100% to 84% in 6 min (n ϭ 4 cells). These results demonstrate that anti-Sgo antibodies block chromosome oscillation, stabilize Kt MTs, and also appear to block poleward flux.
We injected anti-Sgo antibodies into prometaphase Xenopus cells expressing GFP-CENP-
Although anti-Sgo injection causes pronounced mitotic arrest, some injected cells undergo a delayed anaphase. We were unable to reliably detect a change in the rate of poleward chromosome movement in anaphase A in these cells. To follow individual Kts through the delayed anaphase, we imaged cells microinjected with fluorochrome-tagged anti-Sgo antibodies. We found that in many instances both Kts in a pair migrate to the same pole in anaphase ( Figures 7J and 7K) , suggesting that binding of the antibody to Sgo can block the dissolution of sister cohesion at anaphase. Kt localization of the labeled antibody was similar at metaphase and anaphase, in contrast to the disappearance of Sgo from Kts Experimental and control cells were imaged by DIC or phase contrast. Anti-Sgo-injected Xenopus XTC cells either underwent delayed anaphase (middle column; see Figure 5 for an example of such a cell) or arrested for a while and then exited mitosis but their anaphase chromosome movements were difficult to assess by DIC. For the latter cells, we measured the time interval from prometaphase to cytokinesis. Time is shown as hh:mm:ss.
required to protect cohesion at centromeres in meiosis from separase in vertebrate mitosis. In the simplest model, Sgo binds the cohesin complex, predicting colo-I. Although differential cohesion between arms and centromeres is known to occur in vertebrate mitosis also, calization of Sgo and cohesin in the metaphase centromere. Sgo is localized underneath Kts, further out than the basis for it has remained obscure. In the present study, we identified vertebrate Sgo and showed that it is inner centromere markers and further in than outer plate and corona markers. We do not currently know the exact required to prevent premature loss of cohesion between centromeres in mitosis. This demonstrates that conrelative location of Scc1 and Sgo in metaphase. Complicating this picture, we do not know exactly where sister served mechanisms are employed in both meiosis and mitosis, as well as across phyla, to accomplish differen-DNA duplexes connect in the centromere. In our view, it is not clear that cohesin alone is responsible for centrotial cohesion along paired sister chromatids.
How served kinetochore protein shugoshin protects centromeric cohesion during meiosis. Nature 427, 510-517.
